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Background Information
● Rising global temperatures due to climate change
threaten productivity of key agricultural staple crops
○ This has negative implications for food security and
production
● Increased heat stress impairs plant function by
decreasing efficiency of rubisco activase (RCA)
○ RCA = a critical enzyme responsible for net
photosynthesis

The Goal
• Through our work, we used Ancestral Sequence
Reconstruction (ASR) on the RCA gene sequence from
Zea maize to design a mutated sequence with improved
thermostability

Process Overview
ASR + Computational Design
ASR Design process
• RCA sequences
• Preparation for reconstruction
• Algorithmic reconstruction
Preparation for synthesis
• Optimization

Lab Work
Preparation for expression
Purification
Testing for thermal stability

Methodology: ASR Design
•

ASR runs: selection of
species
•

•

•

Phylogenetic tree

Alignment and
reconstruction
Optimization through
Benchling

Results

Fireprot generated models of 2 ASR runs: ASR16 (left) and ASR24 (right)

Methodology: Lab Work
•
•

PCR amplification
Digestions
•
•
•

ASR genes
pet28a
Miniprep dna

•
•
•
•

Ligation
Transformation
Purification
NADH assay

Results

NanoDrop absorbance values for the amplified ASR proteins
and MiniPrep DNA samples.

Results
Restriction enzyme
digestion samples run on
1% agarose gel. ASR24
(left) was digested with
Xho1 and Nhe1. ASR16
(right) was digested with
only Xho1.
Incorrect
length
Correct length ~5500
Correct
length
~1200 bps

Incorrect length

Successful samples

Successful samples

Results
Coomassie stain results from after IMAC
chromatography purification. Going from
left to right, the order is ASR24, ASR16,
and corn RCA. The stains gets more pure
from left to right.

Circled: lane with the most purest version
of the protein (the lane with the elution).
The protein was the correct length ~4200
kb

Results

Graph 1: ASR16 and ASR24 both
show more activity than maize.
Error bars are large due to the low
concentration of the protein. In
future, more protein will be used.

Results
Graph 2: ASR16 and
ASR 24 sequences have
higher RCA activities
than Maize at 30
degrees C.
ASR16 has higher
activity but is less
thermally stable than
ASR24.
ASR24 is slightly less
active, but more
thermally stable.

Discussion and Conclusion
• Cloning was successful for both gene sequences
• Our results produced a more active variant overall, with varying
success across different temperatures
• Our findings will contribute to the scientific discussion and
research about how we can genetically enhanced crops to
survive in the ever worsening conditions on Earth.
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